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PROBLEM TO BE SOLVED: To provide a compound film applicable to manufactures of a solar 
cell and an electronic device and a method for generating it. 

SOLUTION: A raw material contains group IB-IIIA alloy-containing particles having at least one 
group IB-IIIA alloy phase, so that the alloy is larger than about 50 mol.% of the group IV element 
of the material and larger than about 50 mol.% of the group IIIA element. Accordingly, the film 
contains a group IB-IIIA-VIA compound. A molar ratio of the group IB element to the group HA 
element of the substance is larger than about 0.80 and smaller than about 1.0 or may be 
substantially larger than 1.0. In this case, this ratio of the compound film can be reduced to 
about 0.80 to less than about 1.0. The material can be mixed as an ink from particles of a 
powder form. The alloy phase may contain a dopant. 
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£«8IU *8J£*©fc<7)l4»lc«|8(c-^i:l4Eic>ft(^ 
Ct5*Lfco C(DPp^05^t Lt. 5ff3?#l4. 7c* 

yi=. SB^*»as**^-*iB-MiA«i<©»<b 

*B«J**ttfflLfc. PStl*, IB-IIIAtH<Z>tt<b«llBJ& 
m I A£<DteX & £> IM4V I AJJe©5c*©J15c<b^K!l 
-T -5>S7t;#HmcOTT-^SS)SlrS-D*LNT;§fi? L ft 

L-fc„ X«|I]ff^— *l4IBHIIA-VIA»?<Dffi©*££jF 
L/-„ L^L-ft**^ BJibAM-, Ufrft-I)^— £ tC*l 

[0011] i/intb<D^-<<7Px>r— /MMWdlH-rs 

5. 7^(1994^<D-&^IS0595115A1-§0l::*£;h,TU-l>o -t 
:t% ftfflS££ ^(7)^^14, Cu. I nfc<fctf I n 

<b^fc***-rft»«£VIAiS©7E*£**-rS#Hft 

04yt'h£l'»Cu/l nit*<*Pi«;feyU— KC u I n 
S e2-(bB-^l'7-fJUAI-^Lril*LLN<7)T:-, *^-(7>VIA 
J^CDTcffi I n 14 T — — 'J >^ffJ(-^Lftlf*ll4ftb 
ftf>o d;Kt><D»f3S#lcJ;;Ki4 % I n 14. ■ewiSflt* 

X. CCOT-f 7-*-i-ri4. I n^f©si«©im 
iMbttfcftLMi-buxbUiitBiyiftA-Scifca&ofc. 
C*U4, *> ,fc 5 if 2ia«B31l=j3l+-5 J: 

4oT3if££;|lfc„ *«tt»<D«<Dl\<-34N|=tt. l£1b 
-f >v^A, Bft-fb-f >v^Afc-SlM4-t:U>'fb'f 
AOX/^v^ U ><7*fc&l,M4U— ^T^'U— i >g >A<& 
i«Cu|fcJ:U;i nlfffll^f- A^5tfc.g,lM4X 
^ v$r ,j vyi, I nO)IMb<B!k BSHb^&S lM4"tr U> 
ft«I<0 7-f ;UA©M*]6<«tt-rSC ull I n9^#HCD 

#Hf*»i. »<b-ri/5?^Ate«feT/sc,ic*f = K-lbffl 

Jl. fe£lM4Hz UMb-T >v^Afc4tf-te UMbiBJS. 
fc<5lM4fl&lb>f >S?OA*S «fctffllHbS<f > v^AJf CDtt 



-So 

[00 1 2] IBfc«fctflllAjfc©S****-rStt**f» 
©£Ji£&fflTr3*ttlI&ffil4, @© + l~iS^l!l!j£Hbi^ 

m-:t I-4 oT7^ ^ px^- ^a>jaj*±a>i9-i± 

©HH**tt3U#SA«, LfrLfttfb, *b «fc a if 4 y ff 

*ft 2 HUES!:: felt £4 51^ \/\\\i£<DT? 

— ;M©Mg--te(=-3l*T0> * y IKtlilH^ffilt 6 C <!: 

l*J«1***Lftl^ \%&&is\\\m<r>5tm$: 

#*-r-S^If*^iSSI*«t±f=#a*^* ! K.SA<fe^ft 

&i4. iBte«fctJfiiiAa6(05u****-r*#ji«)»*te«fc 

I/»*ifS|-14lrtt«ffift«W*<i&*-<?*£. -?"<75^lr|3 
LT, 0IJX.I4. Cu/I n/1 n203$>'5>lM4C u/ I n/ 
Cu2l n 2057,5 v 5 Otz$><n$&l$.±<Dnm±. tfiJ*. 
14, ffi*ft2X?15ttS(DC u/ I nX* ^^|=**LT«fc 

y tJ:y**t-efc-5o 

[0 0 1 3] 

4<«St4«k?l:. *E«3fc*S±l::IB-IMA--VIAfli<D(i3 
4 VHl) fc£43D 7 -r £ Aff ftlflj* ±(DM3-tt-C£ 

c €> a« 1- s*r«5!* fcHMtsfioj^ftinKi* 

^««0)«Jft(=JiTJ- « c©* 5 ftfc^UB? -c ;uA£ Sit 

[0 0 1 4] 

:?.<;uA£ff$j£-f 3?j;£I4. J£*MfeK£Htt-*- Sx^-v 
»)StSxf7?t, aaft#Hft-ei!MEttJt:7*n< 

A^SPj^L, ^-f ;UA^^J5)c-r-SX-f--y^ > <t^^t: ^ 
4. IS*4^MI4. '>ft< tt 1 -3©IB-IIIA«6©^3Se« 
fc*-r*lB-lllAB6#*ft*tt*£**, IB- 
1 1 1 Aflia>^&ii. Hi»*iJli=*»L^r ibDkdtc*©^^ 
;u3»^<fe y^g-< 45 Jct/J^*'4#ao5 1 1 ia^ot5E^cd*1)50 

^;^S^cfcy^^l^„ LfcA'ot, 37-r;UAI4IB-lll 
A-VIA«l<D<bd«l**A/-Ct^. ^*4^Klefclf4IBSl 
©Ttm^tl I IAt^(D7cma5tb*l4, mo. 80 J; y < , 

5^1.04: y t/^*t^A^35'?)LM41.04 y t*HMI^I4^* 
<r^4<, c<z)ii^t- Ib-^^^-f-'UAicfcit-scia) 
hb*l4sKl0. 804 y < *J4l/*t1. 0*j«lcM C^ct 

t4LV I IB-IVA-VAJ£<mb^fc&lM4IB-VA-VIAt£ 
<7)-(b-&!|^^#fc-lb^!fe)^^-iUAI4. C<7>^;*l=fcl-J--55S 
Sft«**«fflLrit»**lTt,J:^. C<Z>*S£**» 

[0 0 1 5] 

Mfr & * & I" b AMcft 4 „ ElSfc 4 l/lfi* * ^fclftB^ 



(7) 



1 1 -3 4 0 4 8 2 



[OOI 6] tt*©IB-IIIA-VIAttl(Dft*ttfl)*»« 

£*ifcC<Df«jtttl4II]1 ic^^^xTC^o c<£>=gMI4# 
5Xtt»fl)J:5ft*^i (-y-^U-f^-) 10£#A,T*l^ 

A12I4. #Jxl4. t^T>(Mo)f#b^tU|,ii 

-icarr -5=1— fo^t fc&„ -y-^u-f-^-iofcj;!/ 

-S„ nM(D2ll?H0>O-f > K^Jf 1314. pI«7?V-/^ 
Ctl=«i:-3-C3EJ«*tl*. gt-flSlftl-teffl 

piror^v- /<— ;uai2I4. cuini- x 

G a x S e2(1-y) S2yCD-gafi<)^d:'(b^5*IC c fcoT*-rc 
i*<-C*-5»***f 4IB-I I IA-VIAifca>T?V— /< 
— ^<;uAi2"Cfey. :;t*, o ^ x ^ 1 &41/0 ^ y 

±S 1 Tfc5. C<DJS£<D<fb£-ftl4. C u ( I n. G a) (S 
e. S)20>-«Mfc<b^ai=J:oT*7F*;h,*. 
[0 0 17] £a>X#l::»^e>;|xfcttaWfc1#S©'fb£' 
fta>t£j£7ti§l4. C R C^UXttl-cfc oT 1991 1992 
*PI= tBKS * *tfc C R C <*Mt¥ &«a9' \ > K ? *v 1 (mil 
KB I::. fl'Jx.14. P«?&|5^/\*— ^— ^JHZ^^^X^cfc^lZ 
'rS*^^ h^-J? K-y-lf7(CAS)i:J;oraS 

*,<fcL\Lfe^.LN|±Blffi'l4-C-feor ; t,<J;< . aS^:1*-r?fco 

Ti<fcuLfc&LM4^it±T-fcoTt,=fcu,, 

•5>lM4pJ}itft37;t--l';L/fc-S>I,M4M o . ^>^X^> 
(W). 5>>9;KTa), f^XT i). 7^5-OA 

(ai), - -i->tr;u(N i ) is .fctfx-r-vu;*. 3* 
[ooi 8] SmttBfc-SLMizi-^-f 

LL^*4T?fc-i>Mo. W. T a, Ti, ^(A u). fed: 

t>*M1bftfc&iM4 >) Mbftfc-i>iM4^u;Mbft£><fc5& 

IB- I I lA-VIAJ^ro^^T^V— /\*— ^-<;UA12lzS 

^frortcfciv -y-^u-< -v— lOA^agftr^v— /<— 

[OO 1 9] **B8<0«**ffifflLTf*»T?#«IB-ll 



IA-VIA«6©#SH*:T^V— /<-^-f ;UA12©*t»l4, 
ffl(Cu). g(Ag), 7JU5-OA(A I). tf'J^A 
(Ga). n). £yfA(T l)*J«fctf*a> 

^(DHTtfc^lMi^ySL^f^CD-trU^-lb^, fit 4b 

V— A— !7^;UA12<DJil::^£»£L^*ffit4. C u 
I n1- x G a x S e2(1-y) S2yT?$>y, ZCt, OixS 
iSi^O^yilffcli. C<7)J1I4. -€-C0a^Mf#tt 

a). 'JfOA(L i). 'JXPk t*(As), 
^EXS b)fc'<tyt'X7X(B i )CD K— h££e>C: 
^T'tJ:^. 0-OKOJS13I4. «>UiCd(Zn)S 
fccfctfZ n S eCDcfco^f* KS^AtCd), ffitS(Z n) 
*>J:l/fi!tft(S)fc-5lMi-feU>(S e)0Mb£ft. fc&U 
ttZnO, Hb-fVvOAxX, K^bxXrojca'iiilBJ 
j£11ttBHb^£|5]«&\ jfclMaHC-ttKfcJflS+iTl* 

&:1*3£ttl4. C d (Z n) S/T CO. ZnSe/TCO. 
I n (G a) - -fe l/Mtft/TCO, I n (G a) - WtW 
TCO, fcitf I n (G a) - iWTCOjft,^ 
CftlClS^ft&l'*. TCOll ZnO, SHb 

ftCD 1 ofo£lM4^;h.l^±tf>Ji£*L.Tl''-i>o 0-f>K 

fC. "Cd(Zn)S" £41/ "I n (G a)" CD45&* 
IB;£I4. SW^CDC d S*Mb$ifi#Z n S\ztj:&±X<Dmf$. 

So >#-A-$i — >14I4. ^-f > K^mSIZctoT 

I*. SStl^Jhn-^-f >^*(El^-t±-r)l4^^ > K0H13 
l:*3fcoTMttT#, SJ*Lf=*»«;ft<DS!l*£Se> 
C:c&#LTl^» El 1 (DIB-I I lA-viAi^ror^v— /<— 

> K ^ 5')i13©^!f^Ll^^^'^l4n^•r:•fc^o LA^L^^A^ 
P>, nSCDT^V— /<— fcJcI/pSO't?^ > K^Itft 

ib-i I lA-viAteaHb-a-ftwr ^V— A— 7 ^ ;uA^#* 

14. ARftx^.;u^— fe^,L\f43tl4. tHH'-j^-Sbl, 
[0 0 2 0] E12I4. IB-IIIA-VIASl<D4b-&ft7-f7UA2 



(8) 



ftMW- 1 1 -3 4 04 8 2 



z c x- l/l 1 1 j±*< ? ^ ;u Af*»«rici»jsm!iK23-eHS * 

*l. IB- 1 1 IA-VIABMMfr&fci:7 << ;UA27*»fiK"T Sfctf) 

dttsi s *i*o ia»»K2oi*f*»«raax-T- * ^izfig 
i$Mtoffliit^y> XTT^^22^r*nre«iH7< 
;uA25©»Ta«$*ifcat«±ic#*-r*a>rza-rscfc 

^(CttJ^4^M20^fliIIf So M*BUffiilX^^^22(D± 

«*a>iB-iiiA-viA»a)<b**^-f ;uA27*»«-r*. 

HmcfULT. *«W<Dtb3B1fcR20a>»*Ll^»(il»* 
tfe^o C<D»5R(DJ|SijSl*H3fC*l6Mlz«a?*tTL^ 
So H 31*14. aj*»J*20f4* IBHIIA&<D'&*£*rtt 
^31 <t. IB]K^7Em^*i^32^. IIIAte(D7u^3fiT33 
<t. VIAJ£<&5u*&^34«t£^m^o IB-IIIAJfeD-ft 
##^5^3114. IB-IIIAflKD^AffilcJmiLT, I n *5 
<fct//£fcl4G a (Dcfc 5 &l I IA«60)5c*ffl*^-e t «fc 
l> 0 ffi^31(C^A,netJ:LN|B-IIIA]^(D^#t|[4. Cu4 
In. Cu2ln s Culling* Cubing. Cul 
n2x Cugl n4, Cu7ln3 % Culn. Cu7l 
n4. CuGa2. C u QG a I/^HCD^^^^t; 
^♦tlzHS**t<Ct^o ¥4^31(DIE^£:ffilt*ml4. 

0<JtLI4. W*S*LfclB-l I IA«KD<B*<D«LiS3Ei:»iJ^« 
t)^affilCj:ort#^+L€)?i^31[4. ^^-e^ffi-T^IB 
-I I lABKO^ffiS^L-td-CfeSo ^(Dcfe5&*»5E 
A^a-e^trT-— U >^£*LSiI^. ^<Dlt*rs!4^ 

-fl£lttlcf4. IB8ite«fcr//*fcl4l I IAfea>5c*»T32fc 
<fctf33(4#ffiLfc< Ttcfcl\, IB-IMA«l(D$***tt 

^3i<Di/nihbi4— s^fcy. *iKrrcHfiit?fey. fro 
a««3«2oa)t&*a>±ft<Di/i i utf4-s-efcy . K*n 

T^SCdr^IItSSo 0i]x.l4. IBJS(DS;lfe[4C u 

fey. 1 1 iAjfea>5cfft3&< i n-efcy. aj*«3K203&<c u - 

I n^-&*t»*. CuWfcJ:(/l n t»5KOS^«J»t? 
fc*&&(4. Cu3i/(Cu3i + Cu32)>0.9fecfcl/I n 
3l/( I n3i+ I n33)>0. 9"C L fc ft<D*<»* L IV CCT? 
C u 31 (4. C u - In ^#^**4T-31 (DCu^l^l/S 

fcyfl>***-e&y . c u32f4c ujps^cd 1 

l JOCut«T?fty, In3ll*Cu- In^4M« 
T-3KDI nOl^afcy^tlt'fcy, I n33[«i 
T33CD I n^f^rS^o 
[0 0 2 1 ] [II3ICSHLTI4. W£LUIBJ£tf)7uSt[4C 
u-Cfcy. »£Ll>IIIAJ£(07cSil4 I nJSil/Gat'fc 
&o tfJ LlWIAJ£<Z>7cJtl4. Se. StJcttfTeW* 
^-^bSR*tLfc'>ft< it, 1 ot*-5o ttT-3K 
32. 33. 34l4JK«3&<5F«aijT?*ortJ:l^L, n»T»* 
oTt^Uo t9*l4t»5S«*xq6a)»lK3!)a*#lc^tt 



&fi5(4. /Oi/**mo««»tt*, *Mtta>Il<b**i* 
l4Xtf-><7\ ;Sst;^SffK «#a*. Sraj*»a3«fc 

[002 2] |I]4~|19I4. **W*3<ktfH2l-«k*X 
8*H»Mlc^LTL^o HI 4 (4. H3 0>«&a)tt^i:a 
^**LTl^*»*(D»(DVIAttl(D|i^34*iaiBttlC*L 

rfcy. gi2cD20(r^$+LTt^si3<Dai^K^^/a 

r*fcftKIB-IMAlSa>«ft**tt^-316*A-CL^*. 

l^o *fc. d<Z)|&£l4. H2(D22fr^$Hrt>S#» 

ifll^LTl^o C*U4. 5ft»38*^5X340A^&»* 
tdtlf— *— «0>+ira#at;c:4:lwj:oTBIl*WI= 
TK^^rtN^o c^^l4Bl2a)22lz^**irL^*^»H^^^fl f 

(4. *^^M20lrfcMt^U/<;u^^g^r^^tfe : ?--t»--< 
X***Sl**fcd6fzH2<D22|c*S4i4f*»«r*B3aa) 

£fl44£i|-<t;tf>T?. >^(D*a>»*tt^-*t»^lc»*-r 

*»#«fii*42iz«kor#&*i-&t(Z)t ur***LTL^ 
?;^-3&<EHg*ti4^**lM4«»**L«Ji$, tP-;u 

14. S»L. aW*tt(**0!)»5|Et»*L. /h^L^Ai^^ 

f4. Sffi±^"|gI2CD24[c^$ttrl^^^-r ;u 

A#t*^L» la2<7>25lc^a?*lTL^SB^^E1ft)t^-r;^ 

A^i:^ 0 HI 9 14. *te±(ClB-l I \A-V\m<Dit^ty 
^^;bAt**+«fctol=**lP5t-BCttff5VIAlfc 

T 1>T. CO) J: 5 tUt^Ztj ;UA(4E 2 (D27(C7F3?tL 

[0 0 2 3] El2fcJ:?/El7(zMoT#I§-rS(C % fESE 
* S «»: 5 <t W3tlW*B3lxa22(±ia#|z«t> S 0 

af»(©+Tfff5ct3&<r#*Axfc*txf4ft«r*fT5-fc 
So »»xSa>SWf4BR»*lia) + <Dtt^(Di^-f XS» 



(9) 



1 1 -3 40 4 8 2 



^7 px^-^-ttf^ otiii?$)^ 0 m+w-cx 
(4. -flfttfjizf*. J&g£ft£:^;UAtf)Jl£ J: y 

<. It-MlCli, 2.0jt/mck y *Ah£l^ft£lM4 
-t*LlC*Lt^#T?fcS 0 CCD:i<h[4. >f;u— 7<Dtp<D 

cd^sl^woj: 5 ft«*a« ic j: or*er * c £ A< 

X^igx. £ C <h z £ L 5 %*;Sl*g# 

*t^&t^t4^*5o f**m«Baxa220)tt*4:L 
T#&*t«ia*Mfcll23f*. "<-XK # 

6 1*. ta»»3HI*j&Sfi:S*L«i:< tJ:l^ M 
^?6;SftcDcfc3^l><^^(Dftffi-e[i. IB-IIIA 
*(D^*£*rf *fflfrlM»*l** *(DJ:5fc»fttt» 

^-e^jSSttrtcfcLNo ffl*«sK200)i^i^&i3E5J k $' 

z 4: t,pr«BTffc*o IB-Ill AMI 

<D****tt^31feJ:i;VIA*fl!)5E*tt*34«£l+t*-r 
^ajg^SCOif^ 2OC0fi : ?-CDfI^|CD#^CD^*l*^J 

IC. 2OC0^^litlj^feM^^i*"ri>/i:i6fC;g^^tLT 

[0 0 2 5] Hi*4*iJt23i4. ISK-z^h^JbCt 

COcta^: K— /<> hl4C<DffiilC0flfe(DiSnB-IIIA-VI 
AfltCDfb'&tt^-f ;UA|zt$A6SCtA<"t?#So lAfefc 
«kt//*fcl*VAK<7)S*tt-«MI^I*C(7)cfc^?S: K— 

[0 0 2 6] El 2 Sic* mK*m3?-f ;UA25 

c co»te!i y 4 ji, Af*»x824ic * o r 37 < ;u A 

-e**/iR»«!m23a)fc»ic % x^7 y— ^Enwfttif^ttffl 



fflf £ c t tfr* # £ o fli»»K234<tefli»*a) 

-r>^*«fflLT*«±ic«aiT?#*o mmnm^mo 
-c? # * * 5 icR*«-(?«aiz«« s*tte tf s - <t 

^fc*LM4-tl|C*L < . ^020 // met y £'Jn£ < ft£ 

$«il*1.0jum«t y t**l^fc«tM*Cix|Z*L 
< s frOlOjU m£ y i/h£l^fcSlM*c:j|Xl::¥Ll*o 
[0 0 2 7] SStlftJ:?!::* SiJfiO>IBlSa)32(D3fi^te 
J:i;illAS!l(D33a)tt^*<**i:<E^St. «?tli. 15 

mtyW230im<D7tm<D'j>te< t t5o^>iu%fccfci/i i ia 
I3»flr$*iri>*/h3?^ («5ti<. 2/imctyt/hs< 

fc«LM*C*tlz*Ll^) IB-IIIA«<D^***tt^a) + 
(7) 1 ofe^tN(4^-^ja±CDlB-l I IA^O«&#[z^^4xr 

-f ;UA25fe^>LN[4>(b'&^I^ -f ;uA27coStecD-»t^ X 
ft* IM4»* <DJS-ttlz*xAxt) y ^ < ;U 
A27CT>I/I Mlta)^CD*JWfcci:lXi£i"-tt^^a^'r 

d/ N ^< 1 190%. fcftl^f*100%0)«fc5&S ^l-iSEl^ 
;US»^(4. Nm:za)WtMMt Sg^fcJ:^© 

c?) i mcou* is cfc w 1 1 1 Amo>&*wm±iztt l <cl^ 

[0 0 2 8] ^^|Cg]2^#BS-r*|Z v -€-0)#»«IZ % 

«riE«BK^-r;uA25tt. ib-i I lA-viA^ojb^4$9Z7 >r 
A27*^rt-T4fc«)l=f**«a3lxS26*56JtTL^o 
f*»««L3Sxa26l4. ^mi±T:(D«^0^r^-U > 

y >^xfi4>^#SI».f4. E^. T;u=f>(Ar). 

^v'J ^A(H e)ft*tN(4M* (N) (^Ij^f4. N2^J: 
5^:) 0>Jca&^;SttT?ftort,«fc<. 7K*(H) (ffijx. 
I4\ H2(Dcfc3^) CDc^:^^^:5l7c^ r X^#^-etcfc< . 
Se. Sfccfet/T eOetdftVIAMKDTcSlS^-etifc 
L N o tt*&ffl3X«26<&7=— 'J >^I?BIS(DIE5S^*# 
tt!4. J5*44*lS23(D!^14lc^oTj**-i)o «^.I4\ 1^*4 
»R2336<aa&«0)VIAlS<D7c***t;3S:&tf. ttffl* 
*i*7 r --y >^l?Biai4^;Sttrftortcfcl^Lft* 
LN[4ii7uT?fcoTtci:^o J1*4^K23^\ 
VIAft(D5c**#*ftl^fcStM*a^35:**^*&l^ 
^^14. T~— U>y*Hfttt. a»(DIB-IIIA-VIA«t 
aXb^*7-f ;UA27**«t-*Z4:*<-e**Hfaa)VIA 



(10) 



ftffllW- 1 1 -3 4 0 4 8 2 



——'J >^#HfU4. H2Se. (CH3)2Se, (C 
2H5)2S e fc&lMiS e i^§l£^A,-et> 4:U 0 $Hb^/£ 
*<&*£\ H2S. CS2fc4tMiSlftJffifflLTtcfc 

i\, 8Mb— bUMb^JScDii^. T--'J>^#H«^ 

ftT* cfcl*Lfc£LM*S ec7>£ ^ ?iVI A^COTC^CO-^- 
cfc 5 <Pffll*a>aS8tt, (*»«<Dft3lxa26+, 

[4. 350 0 C~700°C<Di5S|[zfcoT£<£ < . 400°C~600°C 
0)«SH3&<-»Mlwf*»*L^o 7-— "J >ya>»«JWM 

[0 0 2 9] *5gBJj(D 1 ^CD*Jtft|-CI4 % H*4«a»23(D 
l/l I I^Ulttt. 0. 80£ y fc*#l>frfc*lM*-t*Ll::* 

l < . a^i.Ocfc y */h*i^*fiiM*-t*tic*L< s 

6l**iio 0 2?#if|)t, d<D»^. IB-IMA-VI 
AK0)ft*tt7 -f ;UA27<£> i/l I I ^E;Utbl*)S#44*lS230 1/ 
III^UttlClMtlCifil*. -^^<tii^ij{c N LOcfeyt* 
<. «1.2S-e0)l/lllit**-r-5IH»4«!m23l4. «*. 
I4\ Cun I n9$ftfflLtl^t4-(!:A<t^s H £ 
tt***rT 3 MIE^H ? -< ;b A25 t#3tf 4 - t A^T* * 

-r ;uA27icgsJp-r 4 c -t<D*»(Dl/l I lib* 

i.o* y tp/h*t^**LM***tic»L^»raa)ifiiiic 

tfc&f (<hl^lB#lc0.80cfc y ti*#L^*SLM4**tfz 
*Ll^Hrao>IBB(ct,fc6-r) „ «HE*K^-r ;UA25<D 
B*<IB-I I lA-VIAflsaMb^*:? -f JUA27©*J*lctf««E 

[0 0 3 0] 

**8H<D«ia>*«i*. *mta#i?»6*ifccu - 

I n^*0)ffl«Bltm20(D»**«fflLfco fcMMfcJKO 
14. 900°C^±CO7K^±i— ^>CDTTr. ttfl<D33. 25MS 

/i nibtto.gcD^^tbic^rrBLfco 5SM^*(*. 7;u=f 
fc. A*S4ifc»*ttS&ic*«]-r*fc«)icjEtts;*(DJS 

tSCD^^7k^*fZ^T$+ifr 0 »5feUi*«Ul20I4. -62 



±140. 3% J: y t,/J*Sl*c £ £tf Lfc c X j*ia4lf»«f 

(4. C u2 I n. Cu]6l ng, fccfcl/fc-t*& < C ujl I 
n$7?fo&&?feC u - I n £^4f CD^ffi^TF Lfr c a 
*ffi(c*D^.T. CO>ta**IIt20|z33iJfl(D*B4<fco/iio * 
*«<Dffi*ftJt20hJ\ IBBKD^tt^S^jK^Ln^ 
ft<, IIIAlSa>5E*«*33**«*LTl^«P<. VIAJS 
a)7c*0)3|!l^-34*±jR*LTL^ftt^ ffl**lK20tt. IB 
-IIIAj£(D^lc;&n;LT. I n(&5Httrt>&J*£tB£$^ 
/£1B-II IAJfe(D****tt^31$*A/*:#£lt"C&ofc. 
51«$^XfcCu/l nJ±A<0. 9-C?fcofco 1*fC. *JJ»3CDS 

««ciESi4. «*[<^a>jt**<tto.8j:y 
tx#<. *^-=>#&i- Oct y ti/h*^»-&rcafflL. :n 

&a)«-Cttaffla?*l«>o «*4»R23I*. TE0)ft»«rft 

(Dt»5|cl*22.62^ : 7A(07Kfc?S-&S*Lfco JS'&^IC. 0.1 

^ ^T?»Jt**LfcW - 22) £tfO. 39^^ A0)»*#J 
>v;U/^-TWO)P--A&./\xic<toTlilifi$+LfcD - 
3019) #5S*Q£*lfco 5S^«(*. 42H*M*— ;U5;i/0> + 

■e*a#**tfco »6*t««*Wfc«23i4*offLW>^a> 

[003 1] R»l«fl)fcfti:, Cl(7)^>^CDSulg^M 
37^;ua CLfc^oT#tt-r6VIA*^*«S:l^ 14. 

(4. (MM-e)fa15~17%c7)gHb^ h »J OA^^Ay-eiN 
£ 0 ffiffi**tfc^^^l46 (i 50jt/m) 

#-rsHP**L. 60°cr^x^ h^u-hr*$s;!tsa(c» 

&*L*JiI*SKi20//m(Z)fl[3?t?fcofco HI Olc^Sftf- 
X»lHl#f»«fl4. 7Xf'JX^T?7-*{ttltfcCu I 
n2^fc4:l/ — <7^#ltfcC u11 I nQ(Dft1± 

*k=f-*M x (mmomttm) t<m. o ^ mt $> y . ¥^ 
*tLfc*attsa^*i<z)iiiAttia>7c*(i n)^^<^iBt^ 

05ti(Cu)|ZCu - I n^(Dff2T^b^tfjl3$££-r 

4o ft«<7)^»(D I nl4s /hS^tt^OS-SHrfcaiSI^ 

#lk*#l*o Cu - I n^*ffi33*l/a«|C»fli**Lfc 
*^t36<-C*«o ^tltt. 6f6<Cu - In 

i n j: y tm^iz^^i^ti^mmi^^^tcDv 

tz I ntfC u - I nffi£ * f>|Zj^J^ Lx C u I n2"C& 



(11) 



1 1 -3 404 8 2 



l»»»5Ea)*l-tto#y Lfc»6D I n20 3 
tt*<«»**l«i:frofc 0 C*U4* *#6BBa> I n<7)X£j5 
»^Cu - I n$*+TMb¥WI::***ftftfcl*5*SE 
[:*4lfc<DWl!ltt4<fcy, ^^C0«*«CD I n ttlftltttMl 
I n7u^(D^b<b:[Hji:< &LMC»*Ll^fc1»l*ftt^. 

[0032] -BfracDmtt**^-r;uA<D4>a><b*« 
*<hi o^xanasfttiiiiccfco-cBisiis+Lftfc. j=y» 

1 |CfcJ:tfH 3 |C7F$*t£ f7XS«t)ct(/M o 

fto *SJH<tLT. Bu|gfeM^^;uA25fi. &J4 jum<DJ5 

efc£l/95%N2#X?S^(D4'TM^ 

— 'J^Shfc. JftfflLfcSL z^^^TrtfibtLfc^b^ 

«B7-f ;UAI±SJ6»<D + 35^6»yai**t. x»lHlSf»*f 

So Hi 1 O^rTCDt 0 — £14. Mo £jKSF3h/tl^ft*«[ 

U>1bffl-<>vOAC u I n S e2tl35SLTt^-So - 

tti*. iB-iiiA-viAii6a>ft*«B**i:***wa>iis** 

bHt^Mtte, Cu I nSe2lCd:otgi[:S(ft 

T\ K— e>^f3ft«a**t«4:fi3ELT*. ftlWWK— bf 
>^l4*«i&5£:i*o K-e>y<D#A*fcLTf4*l* 

hfci+ftft-r * - t sis^-r * -«Mici±ajn**t 
hi*. H*#ft**«iM4»i**KD+rit 

PS, 1 ^u%cD#S&gp^*£lt (— 

1 %cfc y Tb^ltcD K— h t LTM^f4 

S^WlcT^^^lcfcft. LfcA<or. m?Lii. K— 
/\°>hA<s IB/I I IA^#f@<£>-£!5<!: Lt, ffi«1*lHfc* 

— fe> h(D««-e K— h K— :7**ifclB-l 

[0033] mm 2 

14^7AOW - 22. 0.39^A<DD-3019fccfctfO. 1^7 
7A©S e»*tO)jS^-ettfflSilfc« ffi*«!ll442B# 

m^-Jis a L f: fl m b ft*IK*Mfclt23l4*l£ o 

ttJt? -f JUA25I4. It 2 H*f 

x-f >Wil:J:oTftf$+ifco *#£>;ftft 
WSE<*Ut ? -f ;U A25(4fcj 4 mCDJ? * T? fe o fc e Sbtl 



ft MIE^H? -f ;uA25(4-tz ly><bSlS»a>4i|z A*t & 
*U 15»H. 5%(7>H2S e fc c fci;95%CDN2CD^X;g'a- 

^<D+^^45o°c[cr--u >^**ifc 0 *#*;h,ftJicD 

XKIEISt-x — ^^cfcoT^ft^-f ;UA27* C u I nS 
o2t«SiJ**tfco ::<Z>3I«I4. S eS£3. 04^77 AIZ 
ii*n£-bK 7k£22^Alz3£'>£-t*\ UJ5M*iJtt»*£6. 
61^^A[c^>S-t±*-i:lc<i:oT^y®$*tfco Cu 
I n S e2<0^/«(iX$*[H]ffi L T ? --^IC^oT5tIS^^L 

t£ if -en» S 4xfc ? -f ;u A fc It*** ft fc * y £ TL « T? * 

[0 0 3 4] Hffij 3 

AMt5lS^i#) I*. 50.78Mb<— ■ fe> h<D I n. 3 
6M:/*— tz> hCOC ufccfctf13. 22fi*/^— tz> h(DG 

a(7)^ft^^*^ftifea)ai«^a2ocD^^!#ftfc 

fel^ffl^tlfco d£>*fi/£l4. Cu/(I n+Ga)=0.9 
fccfctfG a/(G a + I n) =0. 3(7)^ JUtblC — gr^ft 0 - 
Ct\ IBg|<D7C^ttC utffcy % IIIAB*I4. 0<x<1 
CQii<£\ -fb^St I n x G a (1 -X) |C £ o T 7F"T - t ^tf # 
ft I n <t G a 0)$4fcSLMiffifi1*IT'i&ofco *SH5>J-C 

^A(DW-22. 0.44^^A(DD-3019fcJ:tK0. 11^7^0 
S e»*t t t(c25.03^^A(D7Ki:<7);I-&^KD+r*7K 
— ;us;uT?42B#rBl*»#3?+tfco ftftifi ^$Sm<t LTt# 

y, Z*Lf4S.t*i3cfcML#fzJ:oTlf Lo-S^+ifco - 

di con^jfzfcitftcfeai^N a ^^^-r 
><bxsi4»6*L«*-ti?fft)4xfco xwasf-r— * 

(4. C u I n S e2fflfcJ:^C u I n 0. 7G a 0. 3 S e 2*B 
[0 O 3 5] HfflJ 4 

*t>\zmo>nmvit. mi a>*«i3*y *^x/mo» 

S±l:M^^f-10(DCu I nSe2^>T^A|j: s ^ 
»aff»»tfi«"C* ofcWfltttffl L t C u I n 
Se2/CdZn S <DXmW.fo&W.<DW:i&<DtztblZ&m * 
tLfco C d Z n SO^LN|ll4-|5IC-[$ffl$tLTlNft1b^ 
»W»aWICck-3TCu I nSe2±l3#fS*lfco ^ 
*5SI4. 5m I (DO. 5^E;UfHg&&\ 10m I CD1.0^E;U(7) 

StK* K s OA. 7mi0h'ji^ — ;ur ^ 4. 5 

m I CD7K^1bT> z E — ^Aj3cfctf55m I CD^g7K^t>3^ 
fto 5S5ai455°Cfc*pJ!ft**L. ■U-^^Hi»aO)Aot^ 
ft bf— * — (cAtt^tLfcc 12m I <D\.0=E)\s<Dl L JrW.M 
A<tf-*-(D^lCjSSP?tl, 10»M< Cd Z n Stt*£ 
BBJ&Lfco Cu I n S e237-f ;UA*<;§(D*lC;a**L« 
(Dt\ C0)^f|:J:otCu I nSe27-f;i/A(DS@ 
ll^f $^^CdZnS(D^»0l^i:fc^ C^a(4 

hc i izmzfttzmm&mmLxmv&frtitzo cdz 



(12) 
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*«*«<b*«ffi«« (MOCVDjgfliC^^Zn 
O«0>f*»*<«<o Z nOH<D*>— H«ttttjE*#Sfc 
U ^107t--AT*fcofco 0. 09 c m2(D*|^lt;i!Jfi»gt^ 

&*Lfc*a»«i:8«(D«a*fmtt(i -v)»tt*«LT 
[oo3 6] mm 5 

*6rz«a>*«-ei*. *MMba«i4. o.87ocu/i 
^^fc 0 race u/ 1 njt**-r*-f >^js#4«b)123 

(4. JU1 0>Sl«t?«**tTl^*cfc5lC CKD-S^LM::^ 
H23I4, HC*v^»f-f>yjSt»SttfflLT, (ft 

«JS**ifco H1 314. »6tLtftaMfi*M»<Dl 
-Vft14£*LTfcy. 9.42%(D*»»!]*£*-*-*o 
[0 0 3 7] Hffi]6 

N a**#5Xfr&<&tt»|::«fc*«fc y t»t?L 

IC»«S*Lfc 0 ^Jta«**Lfc#^X(4. NaJiSt 
— n>^7059^f^Xl?feofco N a 

#^ffmCD K— tf>yj»jH4N aM7X^f,Mog« 
«*aoT^b^1ft«<D*[zffi»^4C^lc(4«:&3tCtNC 
i*MSBE**lfco St>l=. *«5(D-f ^(D6m I (DSP 

#14. /h*l^i-?(D*l:A*L61i, 42m g colfShr- 

>*I4* *0>fc#. =3-- >y7059*f5XS« 
S"i-**f5X/Mo»«[±lz*BI4*Lfc. 7tt#9£SJn 

*Jt»il4*«i f3fclf^J;5(3-trU>-(b^^^o SSI4 
ftftl 4 izfcit* J: 5 CiSS^O):? < ;uAJil::«JtS *Lfc. 
ci(D*Sm(4BIl 4lc^$*ifc2^(D I -Vft^lCTF^ft 
ti^o ^M%^;m^3P^^^Tl^^^l^ J (b^^^^>l^AT?iS 

jfis*tfcft« "a" mwi*. o.5%j=y 

*ifc^»7^;uA-e»a**ifcftl* "B" ^«I44.5 

%<0»L<*ft**ifc«l***LTa3y, «Na K 



[0 0 3 8] ^e^i:L^oTtlaKS4^fcS*M^?£(4> 

Sfflwe*6tT8iii, o.sj:y ***l^**lm4 

-t*Uc* L < . A*o1. 0* y < fc4lM4**LlcW 

LLMb^tt^^;UAfzfcNt*IBjK<DSJft«IIIBlfia)7cSR 

^-r 0 cottiWiiir*"**:* c:a>«*f4-t*ticjsi:TE!fc 
A-r*r4-rr*y. o. so* y t*#t^**tM4**tf= 

3?L< s ^rPl.OJ: y i/h*l^fc£lM4*3h,I::*L^ 

a>3b<-«wici4ctya*Lt^ ft*a**-ea>K— tf> 

yO)«ffl-CI4T*iJt*t*l«t?#*. Lfei^ot, K— 
tr>^**+*. «*f*0. 60)1/1 1 lifctt. K— tf>^fc 

L(^^L<ffit^hbiS^z^jg^"^?#^^es^ : if■c^^cfc5^^ 

^£§£*l£o ^ ^(". ^(^TF^ttTLN^cfc a 1.0* 

y**#l*A^ #J*f4\ r— — y vyi8(D*7*Tf1. 
0*»c«**ft«ll»**lM4+nBib**Sl"e#. * 
CDfcSJd. 1.2*-ea>Mteifcl4. *fflMT?**4:Ta* 

14. «7Cfi. *a«(D*«ffl*Pl*5l!l^&E*ffliz>if 

* 5 -ejsffl»» cd$bh s 0 

ttl *P*:7-r— hfc*tf»*L<l44~8*F* 

l^tUSo ^^^^Ei?^— ;UCD15%(D3a*l4ie< 

Kfc*"t?l4fcl\, 

[0 0 3 9] fB^l:^** fettle K0JI4* C u I n S e 
2lc»-3<*jtt*fccfetf IB-I I IA-VIA«ia>aH(©<b'&»7 

I VA-VA8KDHS fccfct/l B-VA-V i Ai£ (7) 8H0) < b ^ KB 7 -f 

juA4^y**6*iTticfei^fc*a»-r'<#-e**o 

^*i&a>KA^60>»*Ll^5c*f4. I B^bOCu, 
I I IAJ§6*^&(DG a fc«fcLP I n. VIAflt^&CDS. S e fe 
WTe, IIBttfr&CDZ nfc*lXCd. IVADgA>&a>^> 
«J=3>(S i). yjl/7-W(G e)SJ:^X(S n)S 
cfel/VAJS^fjCDP. tl(As), fccfctf S b-Cfc&o IB 
-I I lA-VIAj^CD^Ml^^* Ll^ K— /n°> h(4. Li. N 
a fccfel^K(7>cfc5ttlAK^e>a)t(D. P. As. Sbfc 
.fctfB i (Dcfe5<EVAK3^6<D*<D1?fcy. K~ /N> h 
f4. ^fl)ck5ft K-/<> h t LtWt4*»©» 1 * 
;u%* y ti/h*l^*-6lM4-f*ilc*Ll>-<#-Cfcfto 

[0 0 4 0] t,*»5Ar % Ji&Vmmi-'O^T&WLCD&m. 

[Si] *«Wlz*yft64ifc*ll«?fta)KIiIB-<?* 
[12] **BHI=«fcSIB-IIIA-VIA«l<D<b^«!iaiHI* 
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[B3] **wrc«tftui*»j(a)«B«*^-r«i§ia-c?ft 

[0 4] IB-IIIAte<D$fc**«t^£*t;t&*fciB^* 
*l4t»5S<©»fl!)VIA«?a)tt^-$BljS»lciw*LTU*. 
[05] 0 4<75;l-&*a^t.<DBrScD+H'X«fcy 

[0 6] -f >$£»fiM-*l«i: LT;£1*-T?;l£r£;h<T 

[S7] -f>^t»*-r*fc«>ic»i**»i+4j*(*** 

[0 8] *ffi»*tti±l=#»S*tT^*l»»-f >^*H 
[09] VIA)K©7c^^#*f -5>SHIalc£b£*iT. 



anf»**lT*tt-tl::IB-l I I A— VIAflgO>'fb-&4f97 -f JUA 

o 

[010] **wi=j:yf*jig**ifciKrttftl(7-f;uA4» 
e> # ?> ft fc x n 0 sf -x — * £ * l r l * § „ 

[011] yM^fcCu I n S e2?-r 

[0 12] **IBI=J:yBtft**lfcCu I nSe2±t 



[0 13] **W0)ife<7)IISfi««l=«fcy$lljg$*ifc*BSB 

I -Vftlt^LTl^., 
[0 1 4] **W©*6l=te©**«l=J:y»36S*if= 
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[B9] [012] 
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(16) 
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y^'j^^s, ±iu^>i-;u-y 90301, 

/<— K 8635, ^>^-tv3tll V — 

T* "J***!!. A 'J ^JU—T 90301, 
/<— K 8635, ^-->3^-;U V- 



(72)*9I# 



(72)#£0^# 



(72) 



7y'J*§*i, *'J;7*JI/— 7 90301, 
/\— K 8635, O^-tvatil V — 

T^Ua^feH. ^'J^^;U~T 90301, 
/<— K 8635, ^>£-^>3:NU V — 

p/n— h x-r . p— x 
7> , j*'&*s, *U7t;i/-7 90301, 

•O^U^K, 7t*i-fya > ;u 
/<— K 8635, ^$-tyat;i/ V — 
^— ib^h'J'^ f^P^- , -f 



